Background: Graphene is a single-atom thick, two-dimensional sheet of hexagonally arranged carbon atoms isolated from its three-dimensional parent material, graphite. One of the most common methods for preparation of graphene is chemical exfoliation of graphite using powerful oxidizing agents. Generally, graphene is synthesized through deoxygenation of graphene oxide (GO) by using hydrazine, which is one of the most widespread and strongest reducing agents. Due to the high toxicity of hydrazine, it is not a promising reducing agent in large-scale production of graphene; therefore, this study focused on a green or sustainable synthesis of graphene and the biocompatibility of graphene in primary mouse embryonic fibroblast cells (PMEFs).
Introduction
Graphene is a two-dimensional (2D) atomic crystal which consists of carbon atoms arranged in a hexagonal lattice. [1] [2] [3] Graphene and related nanomaterials have received considerable attention due to their high surface area and unique physical and chemical properties. 4 This unique chemical structure gives graphene excellent electrical, mechanical, and optical properties, thus attracting much commercial and academic research interest. 2 Therefore, many synthetic strategies for graphene have been developed with the goal of making large quantities of high-quality graphene in a cost effective manner. 5 For the synthesis of high quality graphene, epitaxial growth and chemical vapor deposition methods are generally employed; however, these methods are not compatible with large-scale synthesis in solution-processable form and they require expensive high-temperature processes. 6, 7 Effective and scalable approaches are essential processes required for various practical applications of graphene. 1 However, most applications depend on availability of processable reduced graphene oxide (rGO) in large quantities; therefore, the development of efficient and cost-effective approaches has been the focus of substantial attention. Several methodologies are available, including micromechanical exfoliation 2 and chemical reduction of graphene oxide (GO). 8, 9 Although several techniques are available, the chemical reduction of GO has proven to be a promising method due to its low cost, the ease of bulk quantity production, and because it is well suited for chemical modification and subsequent processing. [10] [11] [12] [13] In general, hydrazine and hydrazine derivatives were usually employed as a strong reducing agent in the formation of graphene with high conductivity. [11] [12] [13] [14] [15] [16] The majority of the reducing agent is either toxic or explosive and is difficult to handle in larger scale production.
However, strong and toxic reduction agents and surfactants are essential to reduce GO fully in an aqueous phase. 17 To solve this problem, many studies have attempted to develop a new aqueous and environmentally-friendly reduction strategy using bacterial respiration, 18 polyallylamine, 19 potassium hydroxide (KOH), 20 polyvinylpyrrolidone, 21 ascorbic acid, 22 sugar, 23 Baker's yeast, 24 and protein. 25 Among the various nontoxic reduction agents, protein has significant advantages because adsorbed proteins can be harnessed as a universal type of glue for various nanomaterials used in nanocomposite synthesis. Dextran is used as a multifunctional agent for GO reduction and functionalization. 26 Recently, our group developed an environmentallyfriendly and simple approach for synthesis of water soluble graphene. [27] [28] [29] Several studies have been published regarding toxicity of graphene both in bacteria and human cell types. The effect of GO and rGO on the growth of Escherichia coli has been noted, and they have been observed with minimal toxicity in human alveolar epithelial A549 cells as well. 30 Akhavan and Ghaderi 31 compared the toxicity levels of graphene and GO nanowalls in E. coli and Staphylococcus aureus bacteria and found that GO and rGO caused bacterial membrane damage and that the hydrazine-rGO was more toxic than untreated GO. Akhavan Regarding biocompatibility of graphene materials, Yan et al 38 developed free-standing GO-Polyaniline(PANI) and graphene-PANI hybrid papers via rapid mixture polymerization of aniline on the surfaces of GO and graphene papers; these exhibit excellent biocompatibility, flexibility, electrochemical activity. Liu et al 39 have developed GO-based glucose sensors and have also shown excellent reproducibility and significant biocompatibility to human retinal pigment epithelial cells. In recent years, graphene sheets with various lateral dimensions have been applied in tissue engineering as scaffolds to support cellular attachment, proliferation, and differentiation [40] [41] [42] in photothermal cancer therapy, as they are excellent near infrared (NIR) absorbent nanomaterials. 43, 44 Chen et al 45 have developed biocompatible, mechanically strong, electrically conductive graphene paper; its preliminary cytotoxicity tests suggest that biocompatibility of this material would result in attractive potential applications. Park et al 46 have fabricated a strong and biocompatible freestanding paper composed of Tween 20 and chemically reduced GO, which exhibits excellent stability in water. The Tween 20 paper and the rGO paper were noncytotoxic to three mammalian cell lines, while only the Tween 20 paper inhibited the nonspecific binding (NSB) of bacterial cells. Functionalized graphene shows excellent compatibility with red blood cells, platelets, and plasma coagulation pathways, and minimal alteration in the cytokine expression by human peripheral blood mononuclear cells. 47 Singh et al 48 have demonstrated that amine-modified graphene (G-NH 2 ) had neither a stimulatory effect on human platelets, nor did it induce pulmonary thromboembolism in mice.
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In this study, we used primary mouse embryonic fibroblasts (PMEFs) as a model system. In broad-spectrum, PMEFs are used in the culturing of mouse embryonic stem (ES) cells, providing both a substrate for the ES cells to grow on and secreting many factors necessary for ES cells to maintain pluripotency. In addition, PMEFs cells are capable of undergoing a limited number of population doublings before entering crisis and senescence-like growth arrest; they are the ideal model system for studying aspects of cell growth control and functional aspects.
Synthesis of biocompatible graphene is essential for various biomedical applications. Herein, we demonstrate a simple, quick, and room temperature-mediated synthesis of highly soluble graphene using triethylamine (TEA); we also investigate the biocompatibility of synthesized graphene in PMEFs.
Materials and methods Materials
Graphite powder was purchased from Sigma-Aldrich (St Louis, MO, USA). TEA, sodium hydroxide (NaOH), potassium permanganate (KMnO 4 ), anhydrous ethanol, 98% sulfuric acid (H 2 SO 4 ), 36% hydrochloric acid (HCl), and 30% hydrogen peroxide (H 2 O 2 ) aqueous solution were purchased from Sigma-Aldrich and used directly without further purification. All aqueous solutions were prepared with deionized (DI) water. All other chemicals were purchased from Sigma-Aldrich unless stated otherwise.
Synthesis of GO
Natural graphite powder was utilized as the raw material to prepare graphite oxide according to suspension using a modified Hummers' method 10 and Esfandiar et al. 49 The prepared graphite oxide powder was dispersed in DI water to obtain an aqueous graphite oxide suspension with a yellow-brownish color. The suspension was centrifuged at 3000 rpm/minute for 10 minutes to eliminate unexfoliated graphitic plates, and then at 10,000 rpm/minute for 10 minutes to remove tiny graphite particles. Finally, GO suspension was achieved by exfoliation of the filtered graphite oxide suspension through its sonication.
Reduction of GO by TEA Reduction of GO was followed as described earlier. 49 rGO was obtained from the reaction of TEA with GO. Typically, the final concentration of 0.1% (v/v) TEA was dissolved in 20 mL GO aqueous suspension (0.1 mg/mL) and then the mixture was kept in a tightly sealed glass bottle and stirred at 30°C for 1 hour. Using a magneto-stirrer heater, TEA-GO suspension was then stirred at 400 rpm, at a temperature of 30°C, for 30 minutes. A homogeneous TEA-rGO suspension was obtained without aggregation. Finally, the functionalized TEA-rGO was filtered and washed with DI water.
Characterization
Ultraviolet-visible (UV-vis) spectra were recorded using a WPA (Biowave II; Biochrom, Cambridge, UK). The aqueous suspension of GO and TEA-rGO was used as the UV-vis sample and the DI water was used as a reference. The particle size of dispersions was measured by Zetasizer Nano ZS90 (Malvern Instruments, Malvern, UK). X-ray diffraction (XRD) analyses were carried out on an X-ray diffractometer (Bruker D8 DISCOVER, Bruker AXS GmBH, Karlsruhe, Germany). The high resolution XRD patterns were measured at 3 kW with Cu target using a scintillation counter (λ = 1.5406°A) at 40 kV and 40 mA; they were recorded in the range of 2θ = 5°-80°. The solid samples were transferred to a carbon tape held in a scanning electron microscopy (SEM) sample holder for analyses. The analyses of the samples were carried out at an average working distance of 6 mm. Raman spectra of GO and rGO were measured by WITEC Alpha300 (Witec, Ulm, Germany) with a 532 nm laser. The calibration was initially made using an internal silicon reference at 500 cm −1 and gave a peak position resolution of less than 1 cm . The spectra were measured from 500-4500 cm −1 . All samples were deposited on glass slides in powder form without using any solvent. Surface images were measured using tapping mode atomic force microscopy (TM-AFM) (SPA 400, SEIKO Instruments, Chiba, Japan) operating at room temperature. Height and phase images were recorded simultaneously using nanoprobe cantilevers (SI-DF20, SEIKO Instruments).
Cell culture and exposure to GO and TEA-rGO PMEFs cells were routinely cultured in Dulbecco's Modif ied Eagle's low glucose medium (DMEM/low, Life Technologies, Carlsbad, CA, USA) supplemented with 10% (v/v) fetal bovine serum (FBS), plus 2 mM L-glutamine, 1% (v/v) penicillin-streptomycin (10 U/ mL penicillin and 0.1 mg/mL streptomycin); they were grown at 37°C in a 5% carbon dioxide (CO 2 ) humidified environment. When the cells had reached 70% confluence, they were trypsinized (0.25% Trypsin-0.04% ethylenediaminetetraacetic acid [EDTA], Sigma-Aldrich) and submit your manuscript | www.dovepress.com Dovepress Dovepress passaged (1:3). Cells within three passages were used for experiments. GO or TEA-rGO suspensions were freshly prepared before the cells were exposed and diluted to appropriate concentrations from 20-100 µg/mL with the culture medium, then immediately applied to the cells. Cells that were not treated with GO or TEA-rGO served as controls in each experiment.
Cell viability assay
WST-8 assay was followed as described earlier by Liao et al. 36 Typically, 1 × 10 4 cells were seeded in a 96-well plate and cultured in DMEM supplemented with 10% serum at 37°C under 5% CO 2 . After 24 hours, the cells were washed with 100 µL of serum-free DMEM two times and incubated with 100 µL of different concentrations of GO or TEA-rGO suspensions in serum-free DMEM. After 24 hours exposure, the cells were washed twice with serumfree DMEM and 15 µL of WST-8 solution was added to each well containing 100 µL of serum-free DMEM. After 1 hour incubation at 37°C under 5% CO 2 , 80 µL of the mixture was transferred to another 96-well plate, because residual GO or TEA-rGO can affect the absorbance values at 450 nm. The absorbance of the mixture solutions was measured at 450 nm using a microplate reader. Cell-free control experiments were performed to see if the GO and rGO reacted directly with the WST-8 reagents. Typically, 100 µL of GO or TEA-rGO suspensions with different concentration (20-100 µg/mL) were added to a 96-well plate and 10 µL of WST-8 reagent solution was added to each well; the mixture solution was incubated at 37°C under 5% CO 2 for 1 hour. After incubation, the GO or TEA-rGO were centrifuged and 50 µL of supernatant was transferred to another 96-well plate. The optical density was measured at 450 nm.
Membrane integrity
Cell membrane integrity of PMEFs cells was evaluated by determining the activity of lactate dehydrogenase (LDH) leaking out of the cell, according to the manufacturer's instructions for the in vitro toxicology assay kit (TOX7, Sigma-Aldrich). The LDH assay is based on the release of the cytosolic enzyme, LDH, from cells with damaged cellular membranes. Thus, in cell culture, the course of GO and TEA-rGO induced cytotoxicity was followed quantitatively by measuring the activity of LDH in the supernatant. Briefly, cells were exposed to various concentrations of GO and TEA-rGO for 24 hours and then 100 µL per well of each cell-free supernatant was transferred in triplicate into wells in a 96-well plate; 100 µL of LDH-assay reaction mixture was then added to each well plate. After a 3-hour incubation under standard conditions, the optical density of the color generated was determined at a wavelength of 490 nm using a microplate reader.
Cell population growth assay
The cell population growth assay followed the method described earlier. 50 Cells were plated in six well culture plates at a density of 1 × 10 4 /well in 1 mL of DMEM supplemented with 10% FBS. The cells were allowed to attach and media were replaced with various concentrations of GO or TEArGO (0-20 µg/mL) in triplicate. After treatment with three experimental conditions for 24 hours, cells were harvested with 0.05% trypsin and 0.02% EDTA in phosphate buffered saline (PBS), and counted. Data are expressed as number of cells.
Cell attachment assay
The cell attachment assay followed the method described earlier. 50 To coat the plates with GO and TEA-rGO, a 1 mL solution of 20 µg/mL in PBS was added in 35 mm tissue culture plates. Plates were allowed to sit at 37°C for 2 hours and then the solution was removed and plates were washed with PBS. To coat the plates with gelatin, a 1 mL solution of 0.2% gelatin in PBS was added to 35 mm tissue culture plates, and coated plates were left at room temperature for 2 hours. Cells were seeded at a density of 1 × 10 4 cells ⁄well in various coated plates and incubated for 24 hours at 37°C in 5% CO 2 . After incubation, unattached cells were gently removed with 1 mL PBS. Attached cells were harvested with trypsin and cells were counted as described above. Cells in uncoated plates were used as negative control. Data are expressed as percentage of attached cells compared to initial cells.
Results and discussion
Characterization of GO and TEA-rGO Figure 1 shows the conversion of GO to graphene, which is confirmed by the color change from pale yellow to black, following the chemical reduction. Such observation provides a piece of evidence to support the formation of rGO. 51 The UV-vis absorption spectra of the GO and rGO suspensions are exhibited in Figure 2 . After reduction of the GO by TEA, the color of the GO suspension changed from light brown to black. The black color of the rGO indicates removal of oxygen-containing bonds, resulting in electronic conjugation within reduced sheets. 52 The optical absorption spectra also show that the absorption peak of the GO suspension is around 231 nm, while the absorption peaks of the reduced suspensions shift into wavelengths of around 260 nm, corresponding to deoxygenation of the GO suspension under the reduction processes. The results confirm the transition of GO to graphene.
X-ray diffraction analysis
Further characterization of GO and TEA-rGO was carried out by X-ray diffraction. The characterized peak of GO appears at 2θ = 11.7° nm, corresponding to a d-spacing of 0.76 nm ( Figure 3A) . In contrast to GO, the TEA-rGO shows two peaks; one peak appears at 10.6°, corresponding to d-spacing of 2.1 nm; another broader peak is centered at 25.5°, corresponding to a d-spacing of 0.36 nm ( Figure 3B ), which may be a result of some restacked graphene layers. Note that this spacing is very close to pristine graphite, indicating that the functional groups of GO have been efficiently removed. The interlayer spacing decreased to 0.35 nm, which suggests that removal of oxygen and water from the interlayer occurred during exfoliation, at a large rate. This broad peak is also suggestive of a loss of the long range order in graphenes. 53 Though there is a decrease in the interlayer spacing compared with GO, the basal spacing of rGO is higher than that of well-ordered graphite (single-layer pristine graphene). The higher basal spacing may be due to the presence of residual oxygen functional groups, indicating incomplete reduction of GO. 54 
Size distribution analysis by dynamic light scattering (DLS)
The DLS method was adopted to measure the size of GO and TEA-rGO in aqueous solution; DLS results could contribute to show the size differences between GO and rGO. As shown in Figure 4A , the results indicate that the hydrodynamic diameter of GO sheets in water is distributed from about 1645 nm in size. Upon reduction of GO by TEA, the particle size is shifted to an increase in size distribution with a hydrodynamic diameter centered around 2116 nm ( Figure 4B ). The rGO particles were formed by reducing GO nanosheets, and their size is slightly larger than that of GO submit your manuscript | www.dovepress.com
Dovepress
observed that the reduced GO material consists of randomly aggregated, thin, crumpled sheets closely associated with each other and forming a disordered solid.
Raman spectroscopy
The Raman spectra further support the structural change before and after the reduction of graphite oxide. 58 Earlier reports suggested that graphene obtained by the chemical reduction method exhibits two characteristic main peaks: the D band at 1350 cm −1 and G band at 1575 cm −1 . 57, 58 In our present work, we observed that GO showed a D band at 1395 cm −1 and G band at 1608 cm −1 respectively ( Figure 6A ). After reduction of GO, the rGO showed the corresponding bands of D and G band appearing at 1347 and 1575 cm −1 , respectively (Figure 6B ). The G band of TEA-rGO red-shifted from 1603 cm −1 to 1575 cm −1 , which was recognized as recovery of the hexagonal network of the carbon atom. The intensity ratio of the D and G band (ID/IG) revealed structural defects and the indication of disorder. After reduction, the ID/ IG ratio increased from 1.7 to 2.94 in TEA-rGO. Compared with the GO, the intensity ratio of TEA-rGO was high, which indicates high level defects. This change suggests that more SP2 domains are formed during the reduction of graphite oxide, which agrees very well with other reports. 14, 59, 60 In order to see the quality of synthesized graphene, we used Raman spectroscopy, which is the potential candidate for nondestructive and quick inspection of multiple layers of graphene. Raman spectra of graphene-based materials showed a 2D band which was sensitive to stacking of graphene sheets. 2D Raman band shape and position are good fingerprints of single and bilayer graphene to distinguish them from the multilayer. We observed a significant feature and intensity of 2D bands 2670 located between 2600-3000 cm −1 in the Raman spectrum. As shown in Figure 6B , the 2D band particles because of the aggregation of TEA-rGO fragments. This obvious change in size distribution indicates that TEA not only acted as a reducing agent to prepare graphene, but it was also functionalized on the surfaces of the resulting rGO, leading to an increased Brownian motion rate after the reduction process. Wang et al 55 observed that after the reduction of GO with heparin, the average size of rGO was larger than GO. Liu et al 56 analyzed the size of various graphene based materials; among them GO nanosheets are the smallest in size. Although graphite oxide particles have similar chemical functionality to GO nanosheets, their average size is nearly 20 times larger than that of GO nanosheets. The rGO particles were formed by reducing GO nanosheets, and their size is about nine times larger than that of GO nanosheets because of the aggregation of rGO fragments. 56 In order to further confirm size, the dispersions were further dropped on aluminum foil and dozens of SEM images were taken randomly for each sample.
SEM analysis
SEM images of GO sheets were smooth with folded shapes at the edges; they also looked like waves ( Figure 5A) . A thin layer of TEA-rGO sheets displayed a crumpled and wrinkled structure; they look like typical folded paper ( Figure 5B ). The geometric wrinkling arising from π-π interaction within sheets of graphene not only minimizes the surface energy but also induces mechanical integrity with tensile strength and good film-forming ability. 57 In addition, the wrinkled structure of TEA-rGO sheets provides a large rough surface as a scaffold for further modification. Stankovich et al 
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of TEA-rGO centered about 2670 cm −1 with a low-intensity shoulder at the higher wave numbers, and we analyzed the peak intensity between 2D and G bands, the ratio of which is 2.2. The results suggest that the synthesized graphene could be a monolayer.
13,49
Atomic force microscopy (AFM) analysis
We used an atomic force microscope to probe film morphology and thickness. AFM images confirm that evaporated dispersions of GO and graphene are comprised of isolated graphitic sheets. GO has lateral dimensions of several micrometers and a thickness of 1 nm, which is characteristic of a fully exfoliated GO sheet. 13 We have shown a typical AFM image of GO and rGO dispersion in water after their deposition on a freshly cleaved mica surface through drop casting method. We observed that the film morphology changes significantly with this dimension. Figure 7A and C are representative of the topology of films from GO and TEA-rGO solutions with concentrations in the 1 mg/mL range. GO and TEA-rGO sheets with the lateral size up to 5 µm were observed as shown in Figure 7A and C. As the prepared GO and rGO dispersion shows, the height profile of the AFM image is about 1.06 nm and 1.02 nm ( Figure 7B and D), respectively. Compared with GO sheets, the rGO is less thick. We observed increased disorder and roughness and the appearance of micrometer-long wrinkles; it became increasingly hard to identify the edges of the separate sheets. Wrinkles on graphene's surface, dried on the mica substrate, decreased its apparent thickness (1.02 nm) as measured by AFM ( Figure 7D ). The decrease in the lateral dimensions of graphene sheets is also attributed to excessive sonication during each step of the preparation of graphene.
Effect of GO and TEA-rGO on cell viability
The evaluation of biocompatibility of graphene materials is an important factor in biological and biomedical applications, including drug delivery and gene transfection. It has been found that WST-8 is an appropriate assay for cell viability and proliferation tests of graphene materials. 36 As shown in Figure 8 , GO shows a dose-dependent significant toxicity in PMEFs cells (P , 0.05); however the lower concentration of 20 µg/mL displayed neither toxic nor stimulatory effect, whereas TEA-rGO didn't show an obvious decrease in cell viability up to the concentrations of 100 µg/mL, which suggests that functionalization of GO by TEA plays an important role in cell biocompatibility. Interestingly, the lower concentration of TEA-rGO (20 µg/mL) shows a significant stimulatory effect when compared to control (P , 0.05). Schrand et al 61 examined biocompatibility of various carbon nanomaterials such as nanodiamonds (NDs), single-and multi-walled carbon nanotubes (SWNTs, MWNTs), and carbon black (CB), at concentrations ranging from 25-100 µg/ mL for 24 hours in neuronal and lung cell lines; the results indicated that these carbon nanomaterials displayed differential biocompatibility in these two different cell lines; however, the greatest biocompatibility was found after incubation with NDs and both cell types. Gelatin functionalized graphene Intensity (au) Intensity (au) Figure 6 Raman spectra of GO and TEA-rGO. Notes: Raman spectra of (A) GO and (B) TEA-rGO. Abbreviations: GO, graphene oxide; TEA-rGO, triethylamine-reduced graphene oxide; 2D, 2-dimensional; au, absorbance units.
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nanosheets shows nontoxicity in MCF-7 cells, even at a high concentration of 200 µg/mL. Mejías Carpio et al 62 investigated the toxicity of polyvinyl-N-carbazole (PVK)-graphene oxide (GO) with planktonic microbial cells, biofilms, and NIH 3T3 fibroblast cells, and the results suggested that the PVK-GO nanocomposite presents higher antimicrobial effects than the pristine GO; however, the same nanocomposite didn't induce significant cytotoxicity in fibroblast cells. The cells exposed to the suspension of GO and functioning with polyethylene glycol (PEG) in the rGO/PEG concentration range between 3.125 µg/mL and 25 µg/mL show relatively high viability in mouse fibroblast cells. 63 Chen et al 64 reported that graphene [µm]
[nm]
[µm]
[nm] Another report suggests that GO is a great support for mammalian cell attachment, growth, and proliferation. 65 Impact of GO and TEA-rGO on membrane integrity LDH is a soluble cytosolic enzyme which when released into the extracellular medium (due to membrane damage) consequently leads to apoptosis. It is widely accepted as an indicator of lytic cell death. LDH release measures the membrane damage, a hallmark of necrosis. To further support the biocompatibility of TEA-rGO in PMEFs cells, the cells were treated with various concentrations of GO and TEArGO for 24 hours and extracellular LDH activity was then measured. The results suggest that cell membrane integrity in PMEFs cells was compromised by GO and increasing the concentration of the GO leads to a higher amount of leakage in the LDH assay; this indicates the membrane integrity was compromised and cellular contents were found in the media, and in turn suggests that GO induces significant toxicity (P , 0.05) when compared to untreated cases. Interestingly TEA-rGO shows no effects on membrane damage up to 100 µg/mL ( Figure 9 ). LDH activity was slightly decreased when compared to control. Similar to our results, Chang et al 35 observed that the LDH levels of GO-treated cells are even slightly lower than that of the control cells. Park et al 66 demonstrated that nitrogen doped graphitic hollow spheres had little effect on cell proliferation/viability and LDH release compared to graphitic hollow spheres, suggesting that nitrogen-doping could reduce cytotoxicity of graphitic hollow spheres. The data obtained revealed that PMEFs cells had significant biocompatibility with TEA-rGO treatment. These results clearly suggest that TEA-rGO exhibited no toxicity, implying its great potential for biological and pharmaceutical applications.
The effect of lower concentrations of TEA-rGO on proliferation of cells
Biocompatibility is an important factor for the development of any new nanomaterials in biological and biomedical applications. Surprisingly, cell viability assays suggest that TEA-rGO had a stimulatory effect on PMEFs at a concentration of 20 µg/mL. Furthermore, we were interested in evaluating whether or not lower concentrations of GO and TEA-rGO promote proliferation; we therefore selected various concentrations between 5 and 20 µg/mL for both GO and TEA-rGO, and the cells were seeded 1 × 10 4 at the same density in all plates. After 24 hours of incubation, we measured the number of cells after culturing in the medium containing various concentrations of GO and TEA-rGO (from 5-20 µg/mL) on cells treated with GO and TEA-rGO. First, the effect of GO and TEA-rGO on PMEFs' proliferation was assessed by cell population growth assay. Quantitative data suggest that TEA-rGO significantly increased proliferation of PMEFs when compared to negative controls and GO, in a concentration-dependent manner in TEA-rGO treated groups ( Figure 10A ). Furthermore, microscopic Absorbance (au) 20 40 Concentrations (µg/mL) Concentrations (µg/mL) Concentrations (µg/mL) images show the evidence for proliferation in two different concentrations ( Figure 10B ). When compared to control and GO, the TEA-rGO treated plates show stronger effect, and the cells were crowded and forming networks due to overgrowth of cells, which indicates that the functionalization of the rGO could contribute to the proliferation of the cells. The biopolymer functionalized rGO exhibits an ultralow hemolysis ratio and good cytocompatibility in human umbilical vein endothelial cells (HUVECs), even at a high concentration of 100 µg/ mL. 67 
TEA-rGO enhances the attachment of PMEFs cells
Graphene has been employed as a substrate to be interfaced with various biomolecules and cells. Biological modification in turn benefits graphene by improving its biocompatibility, solubility, and selectivity. 34 The cell viability results suggest that TEA-rGO shows significantly better biocompatibility than GO. Therefore, because we were further interested in evaluating whether TEA-rGO-coated substrates can promote the attachment of cells when compared to uncoated plates, we selected a particular dose (5 µg/mL) which is the lowest concentration for GO and TEA-rGO respectively. The typical positive control (gelatin) was also used as a benchmark for the attachment assay. The cells were seeded 1 × 10 4 at the same density in all the plates. The cells were allowed to attach and develop on the substrates. The cells were treated with the same concentration of GO and TEA-rGO for 24 hours. Quantitative analysis was carried out to determine the number of attached cells on each substrate for 24 hours of incubation ( Figure 11A ). The microscopic images indicate that the cell densities on the dish without coating and the GO-coated dish were lower than that on the TEA-GO coated surface, which indicates more efficient cell adherence onto TEA-rGO than the control and GO surfaces ( Figure 11B ). Although GO promoted the attachment of cells, the effect was significant (P , 0.05) in TEA-rGO coated plates, which could be the reason for functionalization of GO by TEA. Chen et al 65 reported that graphene and GO can support mouse iPSCs culture and allow for spontaneous differentiation. Graphene and CNTs supported behavior of NIH-3T3 fibroblast cells in response to proliferation, cell shape, focal adhesion, and cell adhesion-related gene expression levels; gene transfection efficiency of cells grown on the substrates was improved up to 250% compared to that of cells grown on a cover glass. 69 The results suggest that TEA-rGO could provide a wider surface for cell adhesion. These results clearly indicated that TEArGO did not induce any cytotoxic effects on the cells, but that it promoted cell attachment. Ruiz et al 65 demonstrated that mammalian colorectal adenocarcinoma HT-29 cells attached more efficiently in 10 µg/mL of GO than noncoated dishes. Pretreating rats with amine-modified SWNTs can protect neurons and enhance the recovery of behavioral functions in rats with induced stroke. 70 Previous findings suggested that positively charged modifications such as amine (2 NH 2 ) groups can stimulate neurite outgrowth. 71 Plasma treatment may have increased surface defects on the nanotubes, resulting in greater surface energy and polarity, which favor the growth of neural tissue. 72 Our recent studies demonstrated that graphene nanomaterials play an extremely important role in toxicity. Bacterially-reduced graphene oxide (B-rGO) induces cytotoxic effects on human breast cancer cell lines, and these effects are concentration-dependent. 73 In contrast, we also demonstrated that the biocompatibility of microbially rGO (M-rGO) in PMEFs cells. 28 Altogether, our findings and those of other research groups suggest that the biocompatibility of The ratio of attached cells compared to control 
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graphene is dependent on the physicochemical properties of graphene-based materials, including density of functional groups, size, conductivity, the type of reducing agents used for the deoxygenation of GO, the degree of functionalization, and the cell types.
Conclusion
We presented a simple, nontoxic and room temperature mediated synthesis of water-soluble graphene. We used TEA as a reducing and stabilizing agent for effective preparation of well-stable and highly soluble graphene. The prepared graphene was characterized using various analytical techniques and was evaluated for cytotoxicity. Cell viability assays exhibited GO-caused dose-dependent toxicity, whereas TEA-rGO displayed significant biocompatibility with PMEFs cells. The lower concentration of GO and TEA-rGO enhances proliferation and cell attachment. Our present findings provide a cost effective and environmentally-friendly approach to the production of stable aqueous dispersions of rGO; this approach is amenable to bulk production. To the best of our knowledge, this is the first such example for TEA reduced GO. Graphene could be a significant biocompatible scaffold substrate for stem cells due to its cost effectiveness, easy availability, solubility, and the high quality of continuous graphene sheets, producible on a large scale.
